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Abstract 
This study is focused on the pertinence of the seismic reprocessing done in the North-East of Paris Basin in order to define the
geometry of the Dogger and Trias reservoirs. The goal of this work was to evaluate the possibilities of storage of CO2 in the deep 
saline aquifers of the Paris Basin. This paper presents a new updated vision of the structural map and geology of North-East of
Paris Basin. 
The preliminary phase involved reprocessing of 343 oil seismic lines recorded between 1981 and 1988, adding up to 303 
kilometres coming from 10 different surveys.  The quality of the existing data was not always good and  work was performed to 
digitize original bands. Data consistency at the different scale was also analysed and checked. 
Particular attention was applied to the faults of the Dogger and Trias reservoirs and all shallower structure and aquifers up to the 
surface. The whole set of available data was harmonized through the establishment of a model of static multi-layer correction of
the tertiary cover and by the use of adapted deconvolution. The crossings are thus homogeneous knowing that in-depth quality 
and definition remain dependent on the parameters of recording on the ground and in particular the length of the maximum offset
and the distance between traces.  
Interpretation made it possible to identify the reflectors from the establishment of synthetic seismograms on 3 representative 
wells. The tops of the following layers were picked: Cenomanian, Gault, Oxfordian, Dogger, Aalenian, medio liassic sandstones, 
Triassic sandstones, and the metamorphic basement. The structure issued by this interpretation is notably different from that 
presented by the public sources because of the different density of the profiles taken into account. Explanations of the different 
interpretations are discussed in the paper. The isochrone maps were converted in-depth on the basis of 38 calibrations per well to 
illustrate the interpretation. 
The different layers show smooth deformations but also some faults where continuity and density increases with the depth 
because of the character inherited from the fault in the basement. 
Accidents visible are not continuous from the top of Cenomanian and to the top of the Gault, rather they correspond to the fault
of Pays de Bray oriented N130 ° and to a meridian accident located in the western part of the study. From the top of Oxfordian,
the continuity increases for these accidents. In addition, some oriented North-South faults appear. All the major faults are visible
from the Sandstones in Medio Liasic. In addition to antithetic faults in relation with the accidents previously described, other
meridian faults appear in the North of the fault of Pays de Bray. 
It should be indicated uncertainties in the picking of reflectors between the Trias and the basement, many multiples resistant to
the processing programs interfering with these events. 
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This project is based on an appropriated density of existing seismic 2D lines. The unequal quality of these acquisitions makes it 
possible to define structural aspects of the deep layers but does not allow to image possible lateral variations of rock types of the 
reservoir.
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1. Background: Why should we do the seismic reprocessing to evaluate the possibilities of storage of CO2 in 
the deep saline aquifers of the Paris Basin? 
As an operator of more than 100,000 sites throughout the world, Veolia Environnement has been conducting 
different research programs dedicated to the reduction of its greenhouse gas emissions. CO2 capture and geological 
storage are among the solutions able to contribute to global targets for greenhouse gas reduction. 
To identify the appropriate site for the CO2 storage, the initial screening used a set of criteria such as proximity to 
source; presence of the saline aquifer as a targeted reservoir; presence of the cap-rock and appropriate average 
permeability and porosity of the future reservoir, etc… Potential sites for CO2 storage in France were chosen and 
different preliminary studies were launched to confirm the potential to inject the targeted volume of CO2. The 
industrial pilot unit for integrated CO2 capture and storage was designed to sequester an annual amount of 200,000 
metric tons of CO2 (the equivalent of the annual transport-related emissions generated by the transportation of 
50,000 people equivalent). The targeted reservoir was the deep saline aquifer of the Paris Basin - Triassic 
sandstones. The objectives of the CO2 storage characterization phase were as follows: 
 to assess the potential storage performance (with regard to capacity, injectivity, integrity), 
 to provide the needed information to build representative static and dynamic models of the reservoir and 
its overburden 
 to simulate the CO2 injection performance, 
 to predict the short- and long-term behavior of the CO2.
The site characterization phase involved initial research where all data related to the targeted storage reservoir 
and its environment was collected and audited. A first pass analysis allowed the development team to identify 
available and missing information related to the potential storage site. To determine the feasibility of deep aquifer 
sequestration it was also necessary to develop a numerical model. 
Site characterization implies a very large reprocessing program of about 300 km of 2D seismic data to better 
highlight faults and geometry of the target reservoir and of upper formations.  
This paper detailed different steps in the elaboration of the seismic reprocessing studies performed in order to : 
 create a new updated vision of the structural map and geology of North-East of Paris Basin, 
 determine the location of faults, 
 improve the definition of the target reflectors. 
2. Geological context 
The Paris Basin is located in Northern France, with an extension of about 500 km east-west and 300 km north-
south, approximately coinciding with the drainage basin of the Seine river [1] (Figure 1). The Paris Basin is a well 
known area extensively described in different geological reports (IFP; BRGM, Geocapacity) [1, 2].  These reports 
summarize the knowledge collected as more than 800 exploration wells have been drilled over the last 40 years and 
52 fields have been discovered from which 33.4 Mt of petroleum has been produced by the end 2000. 
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Figure 1 Paris Basin. Geological cross-section schematic [1]. 
The zone of study is bounded in the North by Paris, in right bank of the valley of the Marne and on the West the 
concession of Quincy Voisin. It covers a surface about 400 km ² and is limited on the West by the Parisian suburb 
with the airport of Roissy to the North and the new city of the Marne the Valley in the South. It is limited to the 
North by the mound of Dammartin in Goële, in the East by the meridian of Meaux, in the South by the plan of the 
east highway. 
Figure 2 Reinterpreted seismic lines. 
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The study is located on the plain of France corresponding in flat structural shape of saint Ouen's limestone cut 
locally up to the limestones of Lutétiens and covered in the North by some mounds witnesses of sands of 
Fontainebleau. 
 The maximum thickness of sediments is more than 3 km. The basin is slightly asymmetric due to Tertiary 
erosion and uplift in its eastern part. 
The stratigraphic column in the basin center includes some 150 m of Tertiary, about 1000 m of Cretaceous, some 
1500 m of Jurassic and some 500 m of Permo-Triassic sediments (Figure 3) [2]. The fault pattern of the basin is 
governed by the Premesozoic basement with NW-SE striking fault zones of Hercynian heritage. 
Figure 3 Stratigraphic column.[1] 
3. Existing data overview 
Regional field geology, initial information available from hydrogeology, oil and gas exploration, research and 
public organizations as IFP and BRGM are a good starting point for the characterization study. However, existing 
interpretation of the available seismic data in the area is inadequate to provide a detailed characterization of both the 
reservoir and overburden formations.  
Old 2-D seismic profiles are publicly available in France. The available data was collected and required 
discussions with a local oil concession operator to validate the interpretation. This step was important to the study 
success.  
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The final dataset was then made using existing data available in the area, with 2D seismic profiles, all available 
well data from the mentioned local oil producer, and public domain data. The concerned campaigns represent a set 
of different campaigns recorded after 1970 on the zone covered by the project. They are among 10 and represent 34 
profiles for a total of 303 kilometers.  All profiles were recorded from 10 different surveys as each provided a 
different quality of initial records. 
Initial quality of the existing data was poor and careful pre-processing was performed to insure consistency 
between surveys and the same format. The raw data of some profiles was not localized properly. Other profiles, 
supplied by an independent oil company, were given as a set of 13 tapes for 9 tracks. Several tapes required a 
thermal treatment and were dehydrated before second reading and transcription.  
4. Data treatment 
As static corrections are of primary importance in the Paris basin, a laterally consistent multi-layered model of 
the whole tertiary cover was built for corrections calculation. The whole set of available data was harmonized by the 
establishment of a model of static multi-layer correction of the tertiary cover and by the use of adapted 
deconvolution. The crossings are thus homogeneous knowing that in-depth quality and definition remain dependent 
on the parameters of recording on the ground and in particular the length of the maximum offset and the distance 
between traces.  The seismic velocity analyses were performed in 3 iterations with an increasing lateral density (2 
km, 1 km and 500 m for the last one). Estimation and application of residual static corrections were run after each 
velocity analysis. A post-stack migration in the F-X domain was then applied (operator length of 24 ms), and DMO 
velocities were smoothed over 50 CDP. (Figure 4) Band-pass filtering and AGC were carried out after migration. 
Figure 4 Reinterpreted seismic profile. 
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GeoCluster 3.1 processing system on Origin 2000 was used for the data processing. Following parameters were 
used: 
Pre-stack processes: 
First, field records were written to disk in CGG format for further use in the GeoCluster system. This was 
followed by the description of the shooting geometry of the records, CDP numbering, filling in trace headers and 
then CDP sorting. 
A- Amplitude recovery: 
Spherical divergence correction was applied to data to compensate for the energy decay. The correction was 
realized by multiplication of the amplitudes by (T/250)1.2 where T is the time of the sample in milliseconds. After 
having applied this gain function the energy level of traces was set to a constant value while using the whole trace to 
compute the RMS amplitude. 
B- Deconvolution: 
After several tests surface consistent spike deconvolution was applied. 
Parameters of the deconvolution were as follows: 
length of the operator: 150 ms 
additional white noise: 1 % 
windows for the calculation of the operator: 100 – 1000 ms 
900 – 2000 ms 
1900 – end of trace ms 
Before deconvolution for vibroseis lines, a filter was designed from the parameters of the sweep and applied to 
get the minimum phase equivalent of the vibroseis signal. 
C- Editing: 
On QV lines many shot and receiver points had to be edited. After application of killing and polarity reversal of 
traces the residual statics of the lines became much smoother than earlier before. 
D- Field statics: 
The basis of field static computation was the subsurface velocity model inorder to get the mid wavelength static 
was improved automatically (MF). 
On many lines the field statics were improved using offset limited and stacked LMO corrected first breaks. The 
stacking was performed in separate receiver/shot domains. The separation refers to the direct and reverse direction 
of the trace. T 
The Datum plane was 50 m above sea level. 
E- Velocity analysis: 
Stacking velocities were determined several times. 3 iterations of the velocity analysis were made with the 
density of 2 km, 1 km and the last time with the density of 500 m. The velocities were determined on velocity 
spectra and were checked on NMO corrected CDP gathers. 
F- Residual statics: 
Estimation and application of residual static were run after each velocity determination. The computation window 
was chosen between 200-1900 ms two way time and the maximum correction computed at each iteration step was 
±30 ms. 
G- Mute: 
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Mute functions were determined on NMO corrected CDP gathers, on traces stacked in offset bins and on stack 
sections while using different mute functions. The applied mute function was: Offset: 160 m time: 0 ms 
Offset: 180 m time: 100 ms 
Offset: 3250 m time: 2000 ms 
H- Filtering before DMO: 
Band-pass filtering was executed before DMO on lines 81DM, 81QV9, 84QV and 85CHE with the following 
parameters: 
0- 1100 ms 10,15-70,75 Hz 
1800- 3000 ms 10, 15-50, 55 Hz 
On the other lines band-pass filtering was applied with following parameters: 
0- 1500 ms 10,15-80,85 Hz 
2000- 3000 ms 10, 15-60, 65 Hz 
I- AGC: 
Before DMO AGC with 600 ms length was applied to the NMO corrected traces. 
J- DMO velocity analysis: 
Dip independent velocities were determined several times. Iterations of the velocity analyses were made with the 
density of 500 m.  
DMO stack: 
The dip maximum in DMO was 0.3 ms/m, the horizontal stretch and the vertical stretch were limited at 1 ms/m 
and 0.5 ms/m respectively. Stack was weighted by the stacking coverage. The stacked traces were moved to the final 
datum. 
Post-stack processes 
A- Migration: 
F-X migration was used with the time step of 24 ms. 
The DMO velocities were smoothed (over 50 CDP). 
B- Band-pass filter and AGC: 
Same band-pass filtering was carried out after DMO and after migration like before DMO. 
AGC with 800 ms length was applied. 
Line crossings, polarity and sample rate: 
The sample rate was changed to 2 ms at the end of processing.  Line crossings were examined through cross-
correlation of the stacks. First, the polarities were harmonized. The polarity was reversed on 8 lines. 
5. Interpretation Localization of the faults of the Dogger and Trias reservoirs and all shallower structure and 
aquifer up to the surface.  
The time interpretation was tied at 3 wells with the help of their synthetic seismograms, and depth conversion 
was calibrated at 38 wells.  The time interpretation allows the team to identify the reflectors from the synthetic 
seismograms on 3 representative wells. The tops of the following layers were identified: Cenomanian, Gault, 
Oxfordian, Dogger, Aalenian, Medio liassic sandstones, Triassic sandstones, Metamorphic basement. The structure 
issued by this interpretation is notably different from that presented by the public sources because the density  of 
different of profiles was taken into account.  
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Figure 5 Synthetic seismograms on the well. 
The new interpretation points out the presence of several local faults and structures at the Triassic level, which helps 
to refine location and interpretation of faults taken from regional studies. The faults density increases with the depth 
because of their character inherited from the fault in the basement. 
Accidents visible are not continuous from the top of Cenomanian and to the top of the Gault, rather they correspond 
to the fault of Pays de Bray oriented N130 ° and to a meridian accident located in the western part of the study. 
From the top of Oxfordian, the continuity increases for these accidents. Moreover, some oriented North South faults 
appear. All the major faults are visible from the Sandstones Medio Liasic sandstones. In addition to antithetic faults 
in relation with the accidents previously described, other meridian faults appear in the North of the fault of Pays de 
Bray. ( Figure 3) 
It should be noted that uncertainties in the picking of reflectors between the Trias and the basement, that many 
multiples resistant to the processing programs interfered with these events. 
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(a) (b) 
Figure 3 (a) Trias isochrone map ; (b) Trias isohypse map. 
6.  Conclusions  
The following conclusions can be drawn from the presented study: 
 This project presents the results of the interpretation based on a good seismic density of the existing 2D 
profiles. The quality of these acquisitions allows the structural map of well quality to be defined globally. 
 New interpretation points out the presence of several local faults and structures at the Triassic level which 
helps to refine location and interpretation of faults taken from regional studies. 
 The unequal quality of the acquisitions used in this reprocessing did not provide information on lateral 
variations of facies at reservoir level. 
 Only appropriate 3D seismic could provide enough information to confirm the presented structural map. 
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